Purpose: How to select operative methods for delayed paralysis after osteoporotic vertebral fracture remains a matter of debate. It is unclear which procedure provides better neurological and functional recovery. This study aimed to compare the various operative methods and investigate postoperative outcomes. Methods: The study included 42 delayed paralysis patients (mean age 73.7 years). The operative methods were posterior spinal shortening osteotomy with direct decompression and short or long fusion and posterior laminectomy and short fusion with vertebroplasty. All patients in the vertebroplasty group were fitted with hooks to prevent correction loss. We investigated postoperative complications, surgery time, intraoperative blood loss, and changes in walking ability and local kyphotic angle (LKA). Patients were divided into three groups: shortening with a peripheral fusion range of one intervertebral level (the SS group, n ¼ 18), the same procedure with a peripheral fusion range of 2 intervertebral levels (the SL group, n ¼ 12), and posterior laminectomy and short fusion with vertebroplasty (the VP group, n ¼ 12). Results: Postoperative complications were observed in five patients, all of whom were in the SS and SL group. There were no significant differences between the SS and SL groups. The VP group experienced significantly shorter mean surgery times, significantly lower mean intraoperative blood loss, and an improvement in paralysis, walking ability, LKA, and correction loss. Overall, the VP group had significantly better outcomes. Conclusion: Posterior laminectomy and short fusion with vertebroplasty with the addition of hooks is useful in cases of delayed paralysis in elderly patients.
Introduction
There has been an increasing incidence of osteoporotic vertebral fractures associated with the growing elderly population in Japan. This type of fracture results in issues such as pain and negatively affects activities of daily living and quality of life. In some cases of osteoporotic vertebral fracture, the vertebrae heal in place, albeit with a slight localized kyphosis, and clinical issues arising from this type of fracture are relatively rare. 1, 2 However, recent increases in the numbers of postvertebral fracture kyphotic deformity cases have resulted in increased cases of chronic lower back pain and various internal organ dysfunctions such as reflux esophagitis and respiratory disorders. [3] [4] [5] [6] Thus, vertebral fractures lead to increased mid-to long-term mortality risk. 7 In 1958, Kempinsky et al. 8 reported on patients presenting with neurological disorders because of advanced postvertebral fracture compression. Since then, we have learned that it is not rare for delayed bone fusion to result in pseudarthrosis and persistent lingering pain, or for advanced vertebral compression to cause delayed paralysis. [9] [10] [11] Operative techniques for pain caused by postvertebral fracture, delayed paralysis, and spinal deformity include spinal fusion using implants and spinal shortening. These procedures can be used in cases where nonsurgical management is ineffective, but they have not been tested against conservative treatment in randomized control trials. Therefore, the appropriate operative method can only be selected according to the condition of each individual patient.
There are various operative methods currently used in these types of cases, but there is no consensus on the appropriate use and limitations of each method. We had been using posterior spinal shortening for cases of delayed paralysis accompanying local kyphosis. However, reports have indicated that the use of this method in elderly patients should be restricted because of its highly invasive nature; therefore, in 2013, we switched to posterior indirect decompression and short fusion with vertebroplasty and the additional use of pedicle screws and hooks for fixation. In this study, we investigated the postoperative outcomes of this method and compared it with the posterior spinal shortening.
Materials and methods

Patient population
A total of 42 patients who were diagnosed with delayed paralysis after an osteoporotic vertebral fracture at this medical department from January 2005 to February 2015 who were available for at least a 1-year observation period were selected. The mean age at the time of surgery was 73.7 years (range, 39-89 years). There were 12 males and 30 females. All patients had had an osteoporotic vertebral fracture, and because they had no obvious paralysis at the time of the fracture, they had been treated with conservative therapy. However, delayed paralysis subsequently occurred. Patients that presented with paralysis associated with obvious burst fractures at the onset of the condition, and those with paralysis associated with metastatic spinal neoplasm or infection were excluded. Spinal shortening was performed in 30 subjects and posterior fusion with vertebroplasty was performed in 12 subjects.
The study was approved by the Institutional Review Board of Yamaguchi University Hospital, and it adhered to the tenets of the Declaration of Helsinki. Written informed consent was obtained from all patients.
Study groups
There are no clear selection criteria for the various surgical procedures, and so the type of procedure used mainly depended on when the surgery was carried out. We performed posterior spinal shortening between 2005 and 2012. During the first half of this period (from 2005 to 2008), we mainly performed the fusion procedure by fusing two vertebrae above and below the shortened vertebra (posterior spinal shortening osteotomy with direct anterior decompression and long fusion; the SL group, n ¼ 12). During the second half of this period (from 2009 to 2012), we mainly performed the fusion procedure by fusing one distal vertebra along with the simultaneous use of a screw and hook (posterior spinal shortening osteotomy with direct anterior decompression and short fusion; the SS group, n ¼ 18). In all patients treated from 2013 to 2015, we performed posterior decompression and fusion with vertebroplasty (posterior laminectomy and short fusion with vertebroplasty; the VP group, n ¼ 12; Figure 1 ).
Clinical outcomes
We retrospectively reviewed clinical findings such as duration of surgery, intraoperative blood loss, neurological status, walking function, radiographic results, and postoperative complications. We evaluated clinical results 1 year after surgery.
Preoperative and postoperative neurological impairment was assessed using the Frankel Grade classification ( Table 1 ). 13 Walking ability was assessed using a 7-step scale ranging from needing a wheelchair (astasis) to independent walking. We assessed differences between preoperative walking ability and walking ability 1 year following surgery ( Table 2 ). We subtracted the preoperative score from the final score to determine the score change and compared the score changes among the three groups.
Radiological examination
Plain radiographs were reviewed before surgery, immediately after surgery, and 1 year after surgery. Lateral plain radiographs of patients in the standing or sitting position were used for measurement.
We measured the local kyphotic angle (LKA) between the fused vertebrae using lateral radiographs. Plain radiographs before surgery were compared with those 1 year after surgery, and the presence or absence of adjacent vertebral fractures was assessed.
Surgical procedures
Using the posterior approach for the spinal shortening groups, we temporarily fixed the central and peripheral vertebrae on either side of the affected vertebra by inserting pedicle screws. We also resected the posterior elements of the affected vertebra, resected the bone fragments extending into the spinal canal anterior to the dura mater, and performed posterior spinal shortening between the adjacent vertebrae of the affected vertebrae using the pedicle screwand-rod system. 14, 15 For the VP group, we inserted hydroxyapatite blocks (HOYA Technosurgical Co., Tokyo, Japan) using the transpedicular approach. We used a hydroxyapatite block 2
Journal of Orthopaedic Surgery 25 (2) because it is associated with a smaller risk of leakage into the spinal canal and tissue damage caused by heat than bone cement, and it has bone affinity. Posterior indirect decompression was performed using laminectomy at the affected vertebral level. The main reason for laminectomy in the VP group was to decompress the neural tissue; it also enabled fixing of the claw hook and avoided paralysis caused by restenosis, for example, correction loss. None of the patients in the VP group received treatments for retropulsed posterior cortex such as dissection of bony fragments or impaction of bony fragments into the vertebral body. Posterior spinal fixation from two levels above to one level below the affected vertebra was performed using the pedicle screw-and-rod system. We used a sublaminar hook on the distal end of the vertebra and attached a claw hook to the proximal side. It has been reported that large correction loss occurs during pedicle screw fixation with vertebroplasty, 12 so we additionally used a claw hook at the proximal side and a sublaminar hook at the distal end to prevent correction loss. The number of fused vertebrae, duration of surgery, estimated intraoperative blood loss, and intraoperative complications were obtained from medical records.
Statistical analyses
We used Microsoft Excel Statistics for statistical analysis.
The Kruskal-Wallis test was used to compare the three groups, and the Wilcoxon test was used to compare pairs of groups. The significance level was set at 5%. Tables 4 and 5 show surgical and functional outcomes. The mean surgery time was 325 min and mean intraoperative blood loss was 642 g. Postoperative complications included epidural hematoma (n ¼ 1), deep vein thrombosis (n ¼ 1), postoperative wound infection (n ¼ 2), and aspiration pneumonitis (n ¼ 1). All subjects with postoperative complications had undergone shortening. One subject in the VP group suffered delayed surgical wound healing, but there were no serious complications (Table 4 ). Mean neurological scores improved from 2.4 + 0.5 points before surgery to 3.3 + 0.6 points at 1 year after surgery (an increase of 0.9 + 0.6). Mean walking function score improved from 1.9 + 1.4 points before surgery to 4.4 + 1.5 points at 1 year after surgery (an increase of 2.5 + 1.6). Both paralysis and walking ability generally improved following surgery, but the walking ability of one patient who underwent a tracheotomy because of aspiration pneumonitis worsened. Comparison of the surgical procedures indicated that patients in the VP group had shorter surgery times and lesser blood loss than those in the SS and SL groups. Neurological score change and walking score change were significantly greater in the VP group (Table 5) . Table 6 shows radiological data. The mean preoperative LKA was 22 , whereas the mean postoperative kyphotic angle was 5.2 . The mean angle at the final examination was 9.2 , the mean corrected angle was 17 , and the mean 
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Discussion
Operative methods for delayed paralysis after osteoporotic vertebral fracture include vertebroplasty, anterior decompression and fusion, posterior decompression and fusion, and posterior shortening. However, each of these methods has both advantages and disadvantages, and no clear criteria exist for deciding which method to use. Posterior spinal shortening was first reported by Saita et al., 14 and although several studies of the procedure have been published, few of these reported any definitive conclusion. [15] [16] [17] [18] Recent studies on spinal shortening have reported a large number of complications, although the patients were young, indicating that extreme care is required during these procedures. 16, 17 In the present study, we found that spinal shortening maintained sufficient correction; even in patients with a kyphotic angle of 30 , all of the patients who did not have postoperative complications experienced improvement. We believe this indicates that good surgical outcomes can be expected if the operative method is carefully selected. Posterior decompression with vertebroplasty would be the preferred option for elderly patients who have a high risk of complications because of its relatively low Postoperative complications Epidural hematoma (n ¼ 1)
Aspiration pneumonitis (n ¼ 1); postoperative wound infection (n ¼ 2); deep vein thrombosis (n ¼ 1)
Treatment delay of operative wound (n ¼ 1) invasiveness. However, Kashii et al. 12 reported that correction loss occurred in 88% of cases in which this operative method was utilized, indicating that preventing correction loss remains an issue with this surgical technique. In 2013 at our medical facility, we switched to less invasive posterior fusion with vertebroplasty. Since then, we have prevented correction loss caused by posterior fusion using screws and hooks. This strategy demonstrated a mean correction loss at 1 year after surgery of 2.4 (a correction loss rate of 14%). Further, vertebroplasty was not inferior to shortening, with a correction loss of 4.6 (a correction loss rate of 27.5%), and satisfactory corrections were maintained. Therefore, we believe that the use of laminar and claw hooks, which attach to the relatively sturdy cortical bone, is an effective postvertebroplasty correction loss countermeasure, even when used on osteoporotic bones. Our investigation of the number of fused intervertebral foramina indicated that there were no significant differences between the SS and SL groups. In particular, on the distal side, it was desirable to use sublaminar hooks to fuse a small number of intervertebral foramina to promptly preserve the mobile segment. Proximal junctional kyphosis is an issue when performing fusion on the proximal side, so the number of vertebrae to fuse must be carefully considered in each case. When using a claw hook on the proximal side, it is necessary to fenestrate the adjacent vertebra on the upper side. This results in the risk of increased instability of the upper fused vertebra. Some patients in this study had a vertebral fracture in the cranial portion of the uppermost fused vertebra. Therefore, we believe that it is desirable to avoid attaching the claw hook to the vertebral arch of the uppermost fused vertebra whenever possible and instead attach it to the vertebral arch of the vertebra immediately below, and preserve the interspinous ligament between the uppermost fused vertebrae.
Our investigation of improvements in postoperative paralysis and walking ability indicated that subjects in the VP group had significantly higher neurological and walking scores. We believe that this was because the VP group had significantly shorter surgery times, significantly less intraoperative blood loss, and no serious postoperative complications, compared with the two spinal osteotomy groups. Therefore, we concluded that the less invasive nature of the vertebroplasty procedure resulted in satisfactory functional improvements.
Kashii et al. 12 reported that postoperative adjacent vertebral fractures occurred 2 years after surgery in 71% of patients that underwent spinal shortening and in 38% of patients that underwent posterior decompression and fusion with vertebroplasty. In our study, 13 of the 42 patients (31%) suffered adjacent vertebral fractures 1 year after surgery. Previous studies reported that teriparatide is effective in postvertebroplasty adjacent vertebral fractures. 19, 20 However, in our investigation of patients who were administered postoperative teriparatide (n ¼ 19) and those who were not (n ¼ 23) indicated that within 1 year of surgery, 16% of the teriparatide group (3 patients out of 19) compared with 43% of the non-teriparatide group (10 patients out of 23) experienced adjacent vertebral fractures. This difference was significant. Teriparatide may be effective in the prevention of postoperative adjacent vertebral fractures in cases of delayed paralysis after osteoporotic vertebral fractures, but this issue requires further investigation.
This study has several limitations. It was a retrospective, single-center study, and the number of patients was small. The surgeries were performed by specialist spine surgeons with more than 5 years of experience with spine surgery, but there were several surgeons because of the retrospective long-term nature of the study. Since most patients were transferred to another hospital 1 or 2 months postoperatively, the rehabilitation programs may have differed between patients. In more recent cases, measures to improve the problem of osteoporotic bone were taken, such as use of claw hooks and administration of teriparatide; these factors could have influenced the results of this study.
Conclusions
We performed a comparative investigation of operative methods used on 42 patients who experienced delayed paralysis after an osteoporotic vertebral fracture. Although spinal shortening resulted in satisfactory correction, it is a highly invasive procedure and its use on elderly patients must be restricted. Vertebroplasty with hooks is less invasive than spinal shortening osteotomy, with fewer complications and comparable functional (walking) and radiographic improvement. Therefore, we believe that it should be preferred in the treatment of delayed paralysis in elderly patients.
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